
RELATIONSHIPS B E W E N  R&D CONTRACTS 
AND PRODUCTION CONTRACTS 

By Edward Greenberg 
Associate Professor of Economics 

Washington University 
Working Paper 6707 

NASA Economic Research Program 
June 1967 

This research was supported by National Aeronautics and 
Space Administration Grant XsG-342 to Washington University. 



PREFACE 

This study i s  an econometric analysis of an aspect of the government 

procurement process. It analyzes the extent t o  which companies receiving 
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RELATIONSHIP BETWEEN R&D CONTRACTS AND PRODUCTION CONTRACTS* 

I. In t roduct ion  

I n  t h i s  paper, published da ta  on t o t a l  prime con t r ac t s  and evaluat ion,  

development, t e s t i n g ,  and research (EDTR) con t rac t s  t o  business  f i rms are used 

t o  study the  r e l a t ionsh ip  between firms'  acqu i s i t i ons  of EQTR c o n t r a c t s  and 

subsequent procurement con t r ac t s .  

i t  was concluded t h a t  lagged EDTR cont rac t  awards expla in  73 t o  95 percent  of the  

In an earlier s tudy using s ta te  da ta ,  [l], 

var iance  i n  t o t a l  primes and i n  t o t a l  pr imes  minus EDTR awards; t h a t  EDTR 

con t r ac t s  a f f e c t  prime con t r ac t s  with a two t o  f i v e  year  lag;  and t h a t  t h e  type 

of i n s t i t u t i o n  -- business ,  educat ional ,  or  o the r  nonprof i t  -- rece iv ing  the  

EDTR award does not s i g n i f i c a n t l y  a f f e c t  the  d i s t r i b u t i o n  of prime cont rac ts .  

Since con t r ac t s  are awarded t o  f i rms  and t o  other i n s t i t u t i o n s ,  no t  t o  

states, i t  i s  of i n t e r e s t  t o  compare the  above r e s u l t s  with r e s u l t s  obtained 

from d a t a  on a more appropr ia te  l e v e l  of aggregation -- t he  f i rms  themselves. 

The pub l i c  po l icy  quest ion a r i s i n g  i n  t h i s  context  may be cont ras ted  with the  

impl ica t ions  of the  earlier s tudy which emphasized the  r eg iona l  d i s t r i b u t i o n  of 

con t r ac t s .  The f i rm  data used i n  t h e  present  s tudy allows us t o  examine the  

lock-in e f f e c t ;  t h i s  occurs when, f o r  a weapons system procurement ac t ion ,  the  

government nego t i a t e s  only with t h e  f i r m  which performed the  advanced development 

work. In  add i t ion  t o  the  poss ib l e  adverse e f f e c t s  on the  government's bargaining 

pos i t i on ,  discussed below, the  lock-in e f f e c t  may encourage mergers by l a r g e  

production-oriented companies and smaller  EDTR f i rms .  

* Thanks fo r  c l e r i c a l  and computing a s s i s t ance  t o  N r .  Melvin Borland and 
Miss Noel Shaw, and f o r  h e l p f u l  conversation on the  economics of m i l i t a r y  
procurement t o  Professor  Murray Weidenbaum, rIr. Robert Johnson, D r .  George H a l l ,  
and D r .  I r v i n g  Fisher .  The latter a r e  no t  t o  be held responsible  for computing 
e r r o r s ,  and a l l  a r e  innocent of errors and mis in t e rp re t a t ions  committed herein.  
This research  w a s  supported by the  National Aeronautics and Space Administration 
under i t s  Grant NsG-342. 
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I n  the  next  sec t ion ,  lock-in e f f e c t s  and p o s s i b i l i t i e s  of mergers are 

discussed.  It is followed by a desc r ip t ion  of t he  d a t a ,  r e s u l t s  of t he  

s ta t i s t ica l  ana lys i s ,  and some conclusions and d i r e c t i o n s  f o r  f u r t h e r  research.  

11. Lock-in Ef fec t s  and Mergers 

Severa l  RAND publ ica t ions  ( p a r t i c u l a r l y  [ 2 ] )  and [3] and [4] desc r ibe  the  

weapons system procurement process in some d e t a i l .  

t o  do  the  advanced development s t age  of a weapons system procurement is v i r t u a l l y  

c e r t a i n  t o  r ece ive  the  production award. These s t u d i e s  suggest s e v e r a l  f a c t o r s  

I n  genera l  t he  f i r m  se l ec t ed  

which he lp  t o  expla in  t h i s :  

1. I f  a f i rm must incur  a s u b s t a n t i a l  i n i t i a l  investment or extended per iod 

of manufacture, or formal adve r t i s ing  would be c o s t l y  or t i m e  consuming, t h e  

government may nego t i a t e  d i r e c t l y  with the  f i r m  which performed the  development 

work. In  p a r t i c u l a r ,  t h i s  category inc ludes  high s t a r t i n g  c o s t s  p a i s  by the  

government or the  s u p p l i e r ;  preliminary engineering and development work no t  

u s e f u l  t o  o the r  s u p p l i e r s ;  e labora te  s p e c i a l  t oo l ing  already acquired;  s u b s t a n t i a l  

t i m e  and e f f o r t  a l ready  expended i n  developing prototype or i n i t i a l  production 

model; and important des ign  changes which w i l l  continue t o  be developed by the  

supp l i e r .  

2. The government f requent ly  uses t he  production con t r ac t  a s  a reward f o r  

development work, paying l i t t l e  p r o f i t  on the  la t ter ,  bu t  o f f e r i n g  an exce l l en t  

chance f o r  high p r o f i t s  on t h e  procurement con t r ac t  i f  the  development is 

success fu l .  

t o  t h e  development work and take other  s t e p s  t o  perform s a t i s f a c t o r i l y  with the  

incen t ive  of sizeable p r o f i t s  on a production cont rac t .  

It is argued t h a t  t h e  con t r ac to r  may ass ign  more t a l en ted  people 

3.  Preserving the  development c a p a b i l i t y  of t he  f i rm which performs the  

des ign  work may requi re  a production con t r ac t ,  e spec ia l ly  i f  low p r o f i t s  are 

given for development work. 
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4. Awarding the  cont rac t  t o  the development f i rm  t o  permit organiza t iona l  

cont inui ty  may reduce lead  times and take  advantage of s p e c i a l i z a t i o n  of know- 

how and s k i l l s .  

However, as s t r e s s e d  by H a l l  and Johnson, when the  government elects t o  

d e a l  with t h e  f i rm t h a t  d id  t h e  advanced development i t  loses  t h e  b e n e f i t s  of 

competition among p o t e n t i a l  suppl ie rs .  

p r o f i t s  from production cont rac ts ,  the government could reward development e f f o r t s  

Rather than having f i rms r e l y  on t h e  

t o  a g r e a t e r  ex ten t .  

advantage i n  terms of i n i t i a l  investment o r  special  s k i l l s ,  t h i s  should appear 

i n  its bid making it unnecessary t o  confine negot ia t ions  t o  t h a t  f irm, as has 

been pointed out  by Hall and Johnson, [2] .  

Further ,  if t h e  advanced development f i rm r e a l l y  has an 

Another considerat ion which might argue aga ins t  t he  p r a c t i c e  of awarding 

production con t r ac t s  t o  the  f i rm which performed t h e  advanced development work, 

is t h e  p o s s i b i l i t y  t h a t  such p rac t i ce  encourages mergers. That is, production- 

or ien ted  f i rms might acquire  development f i rms i n  order  t o  be ab le  t o  compete 

e f f e c t i v e l y  f o r  t he  development con t r ac t s ,  and u l t imate ly  f o r  t h e  production 

con t r ac t s .  Should these  types of mergers be encouraged? A number of 

cons idera t ions  have been r a i sed  i n  the iiterature: 

1. Scherer stresses the  b e n e f i c i a l  competit ive e f f e c t s  on performance of 

c o r r e l a t i o n s  between development and procurement cont rac ts ,  b u t  t he re  is less 

ga in  i f  development con t r ac t s  are picked up by mergers s ince  companies might 

no t  emphasize t h e i r  own development e f f o r t s  when merger i s  an a t t r a c t i v e  

a l t e r n a t i v e .  

2. Kaysen and Turner f e e l  there  i s  evidence t h a t  v e r t i c a l  i n t eg ra t ion  may 

serve t o  l i m i t  competition, a s  quoted [3,  p. 152-31. 

3. Peck and Scherer address themselves t o  the  quest ion of whether a 

d i v e r s i f i e d  company is more e f f i c i e n t  than seve ra l  independent companies. They 
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do no t  f i n d  t h a t  d i v e r s i f i e d  companies are c l e a r l y  more e f f i c i e n t ,  and th ink  

t h a t  economies of scale are d i f f i c u l t  t o  e s t a b l i s h .  

o f f s e t  when development c a p a b i l i t i e s  possessed by a f i rm 's  subsystem development 

groups are n o t  optimally s u i t e d  t o  a p a r t i c u l a r  weapon system. Further ,  empir ica l  

work shows l i t t l e  economies of s ca l e  i n  development work [3, p. 184 f f ] .  

Such e f f i c i e n c i e s  may be  

4. Smaller f irms may make pioneering d iscover ies  because t h e  innovators  

were newcomers, no t  committed t o  e x i s t i n g  techniques [3 ,  p. 1991. It is  poss ib l e  

t h a t  l a r g e  organizat ion discourages innovat ions bu t  no evidence is of fe red  

except f o r  comments from various indus t ry  sources  [3, p. 2001. 

Peck and Scherer  r epor t  t h a t  o lder  companies have been acqui r ing  some of the  

new s c i e n t i f i c a l l y  o r i en ted  companies j i n  many cases, the  o lder  companies f inance  

the  newer ones. A f a c t o r  mentioned earlier was the  p o s s i b i l i t y  t h a t  an 

e s t ab l i shed  prime con t r ac to r  might acquire  a smaller development f i rm which has  

a government con t r ac t  with a good p robab i l i t y  of leading t o  a production 

contract, given the  acqui r ing  f i rm  an advantage i n  t h e  competition. 

p o s s i b i l i t y  may be worth explor ing,  i t  seems unl ike ly .  

an advanced research  development cont rac t ,  i t  is usual ly  t o  t h e  f i rm  which w i l l  

do t h e  production work -- tne EBTR con t rac t s  awarded to smlkr  fiiiiis Zie n o t  of 

t h e  type which w i l l  d i r e c t l y  lead  t o  production con t r ac t s ,  b u t  represent  earlier 

s t a g e s  i n  t h e  development of a weapons system. 

c o n t r a c t s  received by firms which are later acquired probably occur because t h e  

c o n t r a c t  is an i n d i c a t i o n  of the  acquired f i rm 's  c a p a b i l i t y  in doing development 

work in which t h e  government is i n t e re s t ed .  

While t h i s  

When the  government awards 

Any r e l a t ionsh ips  between EDTR 

111. The Data 

The da ta  f o r  t h i s  s tudy are taken from two Department of Defense 

pub l i ca t ions ,  "100 Companies and t h e i r  Subsidiary Corporations l i s t e d  according 
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t o  n e t  value of Mi l i ta ry  Prime Contract Awards," (100 Company L i s t )  and "500 

Mil i ta ry  Prime Contractors l i s t e d  according t o  n e t  value of Mi l i t a ry  Prime 

Contract  Awards f o r  Experimental, Developmental, T e s t ,  and Research Work, I' 

(500 Company L i s t ) ,  which appear annually on a f i s c a l  year  b a s i s .  

organizat ions were el iminated from the 100 Company L i s t  as not being re levant  t o  

a s tudy of lock-in e f f e c t s ;  these  include u n i v e r s i t i e s ,  cons t ruc t ion  f i rms,  and 

service organizat ions.  

A nunber of 

Several  o ther  adjustments were made: 

1. Firms which appeared on the 100 Company L i s t ,  but  no t  on the  500 Company 

L i s t ,  were assumed t o  have no EDTR awards i n  t h a t  year  s ince  the  cu tof f  value 

f o r  t he  500 Company L i s t  is q u i t e  low and the  500 Companies account f o r  a very 

l a r g e  proport ion of t h e  t o t a l  EDTR awards. See Table 1. 

2. Firms which were on the  500 Company L i s t ,  bu t  not on t h e  100 Company 

L i s t ,  were el iminated from the  sample; i t  could not  be assumed they had no 

f u r t h e r  cont rac ts  because of t he  r e l a t i v e l y  high cu tof f  value f o r  con t r ac t s  and 

because the re  is a f a i r l y  l a rge  proportion of t o t a l  con t r ac t s  no t  accounted f o r  

by the  100 Companies. See Table 2. 

3. IC 211 C ~ S C S ,  the data S ~ C  for s p ~ r ~ i i t  C ~ Z F S E ~  &id all ~ i i b s i d i a t i e s  

l i s t e d  with the  name of t h e  parent  on the  1964 100 Company L i s t .  

took place  within the  period covered by t h i s  study, t o t a l  con t r ac t s  f o r  t h e  

parents  and the  subs id i a r i e s  are used. This assumes the  merged f i rm takes its 

c o n t r a c t s  i n t o  the  firm which acquires it. 

I f  a merger 

Severa l  problems wi th  these data  should be noted: 

1. The d iv i s ion  of cont rac ts  i n t o  EDTR and procurement is somewhat 

a r b i t r a r y .  Frequently, some production is undertaken i n  connection with 

development, p a r t i c u l a r l y  advanced development. I n  p a r t i c u l a r ,  a rev is ion  i n  

these  ca tegor ies  took place within the per iod covered by t h i s  study. 
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Table 1 

SELECTED CiIARACTERISTICS OF EDTR AWARDS 

1964 1963 1962 1961 19 60 

Lowest EDTR Contractor  on 
500 Conpany L i s t  (Thousands 
of d o l l a r s )  2 70 30 8 252 231 2 36 

% of To ta l  EDTR accounted 
f o r  by firms on 500 
Company L i s t  98.5 n.a. 98.5 98.8 98.4 

Source: Various i s sues  of Department of Defense r e l ease ,  "500 M i l i t a r y  Prime 
Contractors  l i s t e d  according t o  n e t  value of Mi l i t a ry  Prime Contract  

I Awards f o r  Experimental, Developmental, and Research Work.'' 

Table 2 

SELECTED CHARACTERISTICS OF PRIME CONTRACTS 

1964 1963 1962 1961 1960 1959 

Lowest prime con t r ac to r  on 
100 Company L i s t  (Mill ions 
of d o l l a r s )  22.9 26.5 27.2 25.6 23.4 26.7 

%: of t o t a l  prime con t r ac t s  
accounted f o r  by 100 Company 
L i s t  73.4 73.9 72.3 74.2 73.4 73.8 

Source: Various i s s u e s  of Department of Defense r e l ease ,  "100 Companies and 
t h e i r  Subsidiary Corporations l i s t e d  according t o  n e t  value of 
Mi l i t a ry  Pr ime  Contract Awards . ' I  
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2. Eliminating firms which did not  make the  100 Company L i s t  w i l l  tend t o  

ove r s t a t e  the  ex ten t  of locking i n ,  s ince  f i rms which received l a rge  development 

cont rac ts  no t  leading t o  production w i l l  tend t o  be eliminated. This may not  be 

a se r ious  problem, however, because of t he  Defense Department's r e l i ance  on a 

f a i r l y  small number of firms f o r  i t s  major weapons systems. 

inc lus ion  of firms which make standard items w i l l  tend t o  weaken the r e l a t ionsh ip ,  

s ince  i t  is no t  l i k e l y  t h a t  they previously received EDTR awards. 

On t he  o t h e r  hand, 

I n  addi t ion  t o  regressions f o r  a l l  f irms having non-zero prime con t r ac t s  

i n  1961, 1962, 1963, and 1964, ind iv idua l  regress ions  f o r  two indus t r i e s ,  air- 

c r a f t  and e l ec t ron ic s ,  were run. Assignment of firms t o  these i n d u s t r i e s  w a s  

based on Table 5A of [3];  t he re  appeared t o  be s u f f i c i e n t  observations f o r  

these  two i n d u s t r i e s  t o  warrant  separa te  regressions.  

IV. S t a t i s t i c a l  Resul t s  

Mul t i co l l i nea r i ty  proved t o  be a 

EDTR con t r ac t s  f o r  var ious years were 

t o  be sensitive t o  t h e  p a r t i c u l a r  s e t  

very se r ious  problem: co r re l a t ions  between 

q u i t e  high, and t h e i r  coe f f i c i en t s  tended 

of lagged va r i ab le s  included. 2 But R ' s  

were high and s t a t i s t i c a l l y  s i g n i f i c a n t ,  i nd ica t ing  t h a t  previous EDTR con t r ac t s  

account f o r  a s u b s t a n t i a l  percentage of t he  in te r - f i rm variance i n  t o t a l  prime 

con t r ac t s  and t o t a l  prime con t r ac t s  minus the  same yea r ' s  EDTR cont rac ts  ( t h e  

l a t te r  va r i ab le  is an a t t e m p t  t o  measure procurement). 

t h e  r e s u l t s  based on da ta  f o r  a l l  firms, a i r c r a f t  f i rms,  and e l ec t ron ic s  firms. 

L e t  us next consider  

A. A l l  Firms 

Table 3 d isp lays  some of the  r e s u l t s  using Pt and P t  - Rt (t = 61, 62, 63, 

The s e n s i t i v i t y  of the  coe f f i c i en t s  t o  the  and 64) as  the  dependent var iab les .  

p a r t i c u l a r  l ags  included is  revealed, as is the  f a i r l y  unstable  l a g  pa t t e rn .  An 

i n t e r e s t i n g  f ea tu re  of t h e  r e s u l t s  is t h e  importance of a few p a r t i c u l a r  years '  

EDTR awards, almost independent of the year  of t he  dependent var iab le .  Thus, 
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R62, R60, and R58 are usual ly  s i g n i f i c a n t  i n  the  equat ions i n  which they appear. 

Although no t  many ind iv idua l  c o e f f i c i e n t s  are s i g n i f i c a n t ,  t he  R ' s  f o r  t he  set 

of va r i ab le s  are high, over 70% f o r  Pt and over 50% f o r  P t  - R t .  

2 

The f a c t  t h a t  R2  f o r  Pt - Rt as the  dependent v a r i a b l e  run lower than those 

when P t  is  the  dependent va r i ab le  may be a t t r i b u t e d  t o  the  ser ia l  c o r r e l a t i o n  

i n  the  R t  series. However, s ince  lagged R t ' s  expla in  over 50% of t h e  var iance 

i n  P64 - R64 and over 70% of the  var iance of Pt - Rt i n  t h e  o t h e r  years ,  t hese  

r e s u l t s  support  t he  ex is tence  of an important lock-in e f f e c t  and gives  some 

i n d i c a t i o n  of i ts  magnitude. In  a l l  cases, t h e  v a r i a b l e s  taken toge ther  have a 

s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t .  

Another i n t e r e s t i n g  f e a t u r e  of these  r e s u l t s  is t h e  l a r g e  drop i n  R2 f o r  

1964 as compared with the  earlier years .  

defense cutbacks which took p lace  i n  1964; d i f f e r e n t i a l  e f f e c t s  between a i r c r a f t  

This is no doubt r e l a t e d  t o  the  l a r g e  

and e l e c t r o n i c s  are pointed out  below. 

B. A i r c r a f t  Industry Firms 

Again, the  high R 's i n d i c a t e  a s t rong  explanatory power, although these  2 

are based on a s u b s t a n t i a l l y  smaller  number of degrees of freedom than the  

preceding r e s u l t s .  

p a t t e r n ,  as cont ras ted  wi th  the  e l ec t ron ic s  p a t t e r n  t o  be taken up next ,  is 

that  c o e f f i c i e n t s  of t he  recent  pas t  tend t o  be s i g n i f i c a n t l y  d i f f e r e n t  from 

zero,  suggest ing a f a i r l y  quick t r a n s i t i o n  from development t o  procurement. 

Perhaps more of t h e  development work undertaken by the  a i r c r a f t  f i rms  is  of the  

advanced development type. 

P64 equat ions.  

a good dea l  lower than those  f o r  e a r l i e r  years. 

cutbacks a f f ec t ed  a i r c r a f t  f i rms t o  a g r e a t e r  ex ten t  than the  e l e c t r o n i c  f i rms  

d iscussed  below. 

An i n t e r e s t i n g  c h a r a c t e r i s t i c  of the  a i r c r a f t  indus t ry  i a g  

R62 seems t o  play a key r o l e  i n  the  P62, P63, and 

A s  i s  the  case of the  a l l  f i rm regress ions ,  t h e  R 2 ' s  f o r  1964 are 

It seems as though the  defense 
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C. E lec t ronics  Industry Finns 

These regressions,  while f a i r l y  unstable ,  suggest t h e  presence of some 

s i g n i f i c a n t l y  longer  lags ,  poss ib ly  ind ica t ing  a longer development period. 

Thus, R61 enters s i g n i f i c a n t l y  i n t o  the  P64 equation; and R57 and R58 e n t e r  

s i g n i f i c a n t l y  i n t o  the  P64 and P63 equations.  R 2 ' 8  f o r  t he  e l e c t r o n i c s  indus t ry  

regress ions  drops only s l i g h t l y  when Pt - Rt is used as t h e  dependent va r i ab le  

r a t h e r  than Pt, i n  con t r a s t  t o  t he  la rge  changes i n  R2 f o r  t h e  a l l  f i rms and 

the  a i r c r a f t  indus t ry  regressions.  

thus appears t o  con t r ibu te  less t o  the explanation. 

drop g r e a t l y  f o r  1964 as compared with t h e  earlier years .  

d id  no t  a f f e c t  t he  EDTR-prime cont rac t  r e l a t ionsh ips  i n  the  e l e c t r o n i c s  firms 

as g r e a t l y  as they a f f ec t ed  the  r e l a t ionsh ips  f o r  t he  a i r c r a f t  f irms. 

S e r i a l  c o r r e l a t i o n  i n  t h e  e l e c t r o n i c s  firms 

I n  addi t ion,  R2 does not  

The defense cutbacks 

V. Conclusions 

Resul t s  obtained with the  sample of f irms i n  t h i s  paper are general ly  

similar t o  the  r e s u l t s  obtained using t h e  s ta te  da ta  reported i n  [l]. Again 

t h e  explanatory power of the equations as measured by R was q u i t e  high, bu t  

t h e  p a t t e r n  of t h e  laggad coefficients r~zn quite variable:  depending on the  

year  of t he  dependent var iab le .  A type of i n s t a b i l i t y  not  discussed i n  the  

previous paper was the  i n t e r e s t i n g  and s i g n i f i c a n t  d i f fe rences  found when the  

d a t a  were disaggregated by industry.  

ca t egor i e s  permitted by the  da ta ,  qu i t e  d i f f e r e n t  pa t t e rns  f o r  t h e  l ags  and 

responses t o  the  1964 defense cutbacks were found. This suggests  t h a t  some 

degree of disaggregation is  necessary before  any s o r t  of s t a b i l i t y  may be  found. 

2 

Using j u s t  t he  two crude indus t ry  

2 The s i g n i f i c a n t l y  high R i nd ica t e  a dependence of prime con t r ac t s  on 

previous EDTR con t r ac t s ;  t h i s  approach thus v e r i f i e s  t he  importance of a 

s t r o n g  lock-in e f f e c t .  Research on the  r e l a t i o n  between the  lock-in e f f e c t  and 
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the tendency for mergers w a s  not pursued at t h i s  time, but the available data 

might be ut i l ized  to see whether there i s  any relation between the award of an 

EDTR contract t o  a firm and the probability that i t  w i l l  be la ter  acquired by 

one of the large defense contractors. 
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